The efficiency of the new type breakwater, which consists of caissons supporting on the two or three rows of piles was studied using physical models. The efficiency of the breakwater is presented as a function of the transmission, the reflection and the wave energy loss coefficients. Regular waves with wide ranges of wave heights and periods and a constant water depth were used. Different characteristics of the caisson structure and the supporting pile system were tested such as, caisson draft (D), caisson width (B), piles diameter (d), and the space between piles (G). It was found that, the proposed breakwater dissipated about 10 to 30% of the incident wave energy. Also, when the relative breakwater draft (kD) was more than 0.8; the efficiency of the proposed breakwater became high in decreasing the transmitted wave height .The reflection coefficient was not be affected by the increasing or decreasing the breakwater width or pile characteristics.
INTRODUCTION
Coastal areas are considered of high value in view of their strategic location for residential, recreational, commercial, and industrial activities, and hence, a need is arisen to preserve and maintain the coast against the destructive forces of nature such as waves and currents. Different types of breakwaters are in use throughout the world for this purpose. Fixed type breakwaters, like rubble mound breakwaters, are suitable but very expensive for increasing water depths. So that, it is necessary to consider cost-effective structures for these depths to attenuate the incident wave heights and dissipate the incident wave energy. The partially immersed caissons supported on pile system as shown in Figure ( 1) can be used as a breakwater. This type of breakwaters is considered as a good and cost-effective substitute for the conventional type of breakwaters, especially for fishing harbors, marinas, and recreational coasts, etc., where the tranquility requirements are low, Koraim (2005) .
This type of breakwater can be fabricated and assembled on the coast and quickly installed using floating barges. The important advantages of this type are: relatively inexpensive as compared with the other commonly used types; less maintenance cost; ease of construction; may be used in the areas where poor soil conditions prevail; the most conventional solution in deeper waters; successfully employed for low and moderate wave energy applications; occupy small zone so that; not affecting the seabed creatures; allows for continuous refreshing the shore area water masses which in turn minimizes the pollution aspects; giving great advantage of such type of breakwaters over that acts like barrier walls; in addition, the land side of this breakwater can also be used for berthing purposes. 
LITERATURE REVIEW
The functional performance of the caisson breakwater is evaluated by examining the wave reflection, transmission and energy loss due to the breakwater. There are many experimental studies for determining the efficiency of models similar to the proposed model. These models consist of semi-immersed smooth solid walls or bodies supported on one or more rows of widely or closely spaced piles.
The efficiency of the semi-immersed wall used as a breakwater was experimentally and theoretically studied by many researchers. Ursell (1947) , Weigel (1960), Reddy and Neelamani (1992) developed a theory for the partial transmission and reflection of gravity waves in deep waters. Lui and Abbaspour (1982) used the Boundary Integral Equation method for analyzing the interaction between the water wave and the thin vertical barriers. Losada et al (1992) , Abul-Azm (1993), Heikal (1997) , and Koraim (2005) carried out experimental studies with wide ranges of wave and structure parameters to determine the efficiency of this type as a function of transmission coefficient. Heikal (1997) , and Sahoo et al (2000) , developed theoretical models using the Eigen function expansion method to determine the efficiency of the thin vertical breakwaters.
Many experimental and theoretical studies were carried out for determining the hydrodynamic performance of structures of different shapes supported on piles. Mani (1991) , and Murali and Mani (1997) investigated experimentally the trapezoidal floating bodies connected with vertical closely spaced pipes at its bottom. The breakwater was tested under wave and wave-current environment. Neelamani and Rajendran (2002) and Neelamani and Vedagiri (2002) studied experimentally the hydrodynamic performance of the T-type breakwater and partially immersed twin vertical barriers connected by horizontal deck. The breakwater was tested under regular and random waves. Sundar and Subbarao (2002) and Sundar and Subbarao (2003) carried out the experimental studies on the quadrant front face pile supported breakwaters. Heikal (2004) and Koraim (2005) investigated experimentally the efficiency of the partially immersed caisson structure supported on piles on horizontal and sloped beaches. The breakwater efficiency was determined as a function of transmission coefficient only. Rageh and Koraim (2008) investigated experimentally and theoretically the efficiency of the caisson breakwater when the space between the supporting piles is large. The breakwater efficiency was determined as a function of transmission reflection, and energy loss coefficients.
In this study the efficiency of caissons supporting on the two or three rows of piles is experimentally studied. The breakwater efficiency is measured as a function of transmission, reflection, and wave energy loss coefficients. The effect of different wave and structural parameters on the breakwater efficiency such as; wave length, wave period, breakwater draft, the breakwater width, and piles diameter , spacing between piles are presented.
EXPERIMENTAL WORK
Several experiments were carried out in a tilting wave flume 12 m long, 0.45 m deep and 0.30 m wide in the Hydraulics and Water Engineering Laboratory of the Faculty of Engineering, Zagazig University. The variable speed flap type wave generator was used with stroke distance of 22 cm. A steel screen wave absorber at the end of the flume was installed. The details of the models and the experimental set up are shown in Table ( The wave height was measured using Non-Contact Ultrasonic Distance Transmitter, NCUDT, (Omega's LV400) that displays and transmits the distance between the sensor and the water surface with an accuracy of 1.0%. The measured wave height was equal the difference between the maximum reading and the minimum reading obtained from NCUDT, Koraim (2005) . The maximum and the minimum wave heights (H max. and H min. ) at the wave generator side, upstream the breakwater, and the transmitted wave heights (H t ) at the wave absorber side, downstream the breakwater, were measured to estimate the reflection and the transmission coefficients (k r and k t ) as follows:
Then; (4) in which; H i and H r are the incident and the reflected wave heights respectively.
The energy equilibrium of an incident wave attack the structure can be expressed as follows, Neelamani and Vedagiri (2002):
in which; E i is the energy of incident wave (E i =ρg H i 2 /8), E r is the energy of reflected wave (E r =ρg H r 2 /8), E t is the energy of transmitted wave (E t =ρg H t 2 /8), and E L is the wave energy losses. Substituting into equation (5) by the values of E i , E r , and E t and dividing by E i , yields:
Substituting equations (3) and (4) into equation (6) , the wave energy loss coefficient (k L =E L /E i ) could be estimated as follows:
EXPERIMENTAL RESULTS AND ANALYSIS
When a structure is installed in a marine environment, the presence of that structure will alter the flow pattern in its immediate neighborhoods, resulting in one or more of the following phenomena:
-Contraction of flow.
-Formation of a horseshoe vortex in front of the structure.
-Formation of lee-wake vortices (with or without vortex shedding) behind the structure. -Generation of turbulence. -Occurrence of reflected and diffracted of waves. -Occurrence of wave breaking. These phenomena contribute the dissipation of the wave energy in addition to the dissipation caused by the breakwater itself, Reddy and Neelamanit (1992) .
Many parameters affecting the breakwater efficiency were studied, such as wave and structural characteristics. The wave parameters are; wave number, wave period, and water depth (k=2π/L, T and h). The structural parameters are the caisson draft and width (D and B) and supporting pile system characteristics (d and G). The analysis is presenting the efficiency of the breakwater in form of the relationships between transmission, reflection and energy loss coefficients (k t , k r , k L ) and the dimensionless parameters represent the wave and structure characteristics as in the following equation:
Figures (3) to (5) The above-mentioned behavior may be attributed to two reasons: First, the decrease in the transmitted wave energy due to decreasing the area which water path through. Second, as the wave becomes short, the water particle velocity and acceleration suddenly change and the turbulence caused due to this sudden change causes a dissipation in the wave energy, Koraim (2005) .
Also the above mentioned figures show that, the reflection coefficient (k r ) takes an opposite trend of the transmission coefficient as expected. The wave energy loss coefficient (k L ) decreases as kD increases in the range from 10 to 30% of the total wave energy. Finally, the figures present the fitted equations for different hydrodynamic coefficients (k t , k r , k L ) with R 2 according to the different cases. The fitted equations for k r , k t , and k L are from the third, second and first degrees. Figure (9) presents the effect of the breakwater width ratio (B/h) on the different hydrodynamic coefficients (k t , k r , k L ) when G/h = 1.5 for different d/h. The figure shows that, k t decreases with increasing B/h. This may be attributed to increasing the friction between the breakwater surface and the transmitted waves, causing more wave energy loss by the breakwater. In addition, this condition may be due to the vortex shedding at the bottom tip of the breakwater during transmission, Reddy and Neelamanit (1992) . Also, the figure shows that, k r increases with increasing B/h until kD reaches 1.0, then takes the opposite trend or it not affected with B/h increasing. Finally, k L increases as B/h increases and this increase not affected by the increase of kD.
CONCLUSIONS
The conclusions of the present study can be summarized as follows: -The proposed breakwater dissipates 10 to 30% from the incident wave energy. This wave dissipation increases as the breakwater width (B) and the pile diameter (d) increases and as the gap between piles (G) decreases. -The efficiency of the proposed breakwater in reducing the transmitted waves becomes high as the breakwater width increases for large values of kD. The transmission coefficient less than 0.2 as kD > 0.8. The transmission coefficient decreases as the breakwater width and the pile diameter increase and as the gap between piles decreases. -The reflection coefficient increases as the breakwater width and the pile diameter increase and as the gap between piles decreases. This is when the relative breakwater draft (kD) is less than 0.8. -The effect of the pile diameter on the breakwater efficiency is not more than 3% and can be neglected. = energy of incident waves; E L = energy wave losses; E r = energy of reflected waves; E t = energy of transmitted waves; G = distance between piles center to center; g = acceleration of gravity; h = water depth at the breakwater site; H i = incident wave height; H r = reflected wave height; H s = seaward wave height; H t = transmitted wave height; k = incident wave number at breakwater site; k L = energy loss coefficient; k r = reflection coefficient; k t = transmission coefficient L = wave length at breakwater site; S = space between rows of piles center to center; T = wave period; x, z = two dimensional axis; ρ = water density; and ω = angular wave frequency.
